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Abstract
Background: Numerous studies have reported that CTNNB1 mutant is a frequently mutated gene found in
gastric cancer (GC), making this a valuable biomarker for GC. However, the underling mechanism of
CTNNB1 regulating GC remains unknown.

Aim of the study: To identify the signi�cance of the CTNNB1 mutation in the prognosis and drug
selection of GC, evaluate important genes and pathways that are involved in the pathogenesis of GC.

Methods: Data sets were downloaded from the Cancer Genome Atlas (TCGA)-STAD. CTNNB1 mutation
and drug sensitivity analysis based on GDSC database. CTNNB1 wild group and mutant group analyzed
by GSEA enrichment. The differentially expressed genes (DEGs) were identi�ed by LIMMA package for
further GO and KEGG analysis. A protein-protein interaction (PPI) network of DEGs was constructed by
STRING and visualized by Cytoscape software.

Results: The CTNNB1 mutation is found in 8% of GC patients. Patients with CTNNB1 mutations had
better prognosis on overall survival and disease-free survival. GC cells with CTNNB1 mutation are
sensitive to Nutlin-3a. In total 727 genes were identi�ed as DEGs. GO and KEGG analysis suggested that
DEGs were signi�cantly enriched in categories associated with cell differentiation and immune response,
digestion related pathways and multiple signal transduction related pathways. Top three signi�cant
modules of genes in the PPI network were identi�ed and analyzed.

Conclusions: Our results indicated that multiple genes and pathways may play a key role in GC patients
with CTNNB1 mutation, implicated these factors as possible targets for future therapeutic strategies in
patients with GC. 

1 Background
Gastric cancer (GC) is the sixth most common cancer in the world [1]. According to statistics from the
International Cancer Research Agency, the number of newly diagnosed and fatal cases of gastric cancer
in 2018 were 1.03 million and 780,000 respectively [1]. The traditional treatment methods for GC include
gastrectomy and chemoradiation, but the recurrence rate and mortality are high, and the 5-year overall
survival (OS) is less than 25% [2, 3]. Although the current clinical diagnosis and treatment technology for
gastric cancer has been continuously improved, it still lacks early, reliable and effective diagnostic and
prognostic markers. Therefore, it is of great signi�cance to �nd biomarkers of gastric cancer prognosis,



Page 3/28

their roles in gastric cancer, and potential molecular regulatory mechanisms, and to provide clues and
ideas for clinical diagnosis, prognostic judgment and new therapeutic targets of gastric cancer.

With the development of modern medicine, cancer diagnosis and treatment have made signi�cant
progress in genomics, so that the diagnosis and treatment of gastric cancer has entered a stage of
precision and individualization. At present, there are families of ErbB receptors, which are the main
molecular signaling pathways of gastric cancer, epidermal growth factor receptor (EGFR) and targeted
drugs targeting the vascular endothelial growth factor receptor (VEGF) family: trastoma Bezumab,
cetuximab, bevacizumab, etc. Analysis of large genomics databases through bioinformatics can screen
molecular markers related to the occurrence, development and prognosis of gastric cancer, providing
reliable targets for precision medicine at the molecular level.

Mutations of signaling molecules are important factors for cancer development. Catenin beta 1 (CTNNB1
or β-catenin) interacts with signaling molecules upon stimulation, leading to the transcription of genes
related to cell proliferation [4, 5]. CTNNB1 signaling is important for revealing cancer mechanisms,
meanwhile playing an important role in the phenotypic transition of gastrointestinal cancer [6, 7].
Telomerase reverse transcriptase gene (TERT) activates Wnt / β-catenin signaling and the expression of
TERT in gastric cancer is related to advanced TNM stage and lymphatic metastasis, suggesting that
TERT may be treatment targets for patients with gastric cancer[8]. According to reports, MicroRNA-1225-
5p (miR-1225-5p) can inhibit the proliferation and metastasis of gastric cancer by inhibiting the β-catenin
signaling pathway[9].

In this study, we analyzed the RNA sequence (RNA-Seq) dataset of GC and GDSC database to identify key
pathways and genes associated with CTNNB1 mutations, and evaluated the signi�cance in drug
selection, hopefully it can reveal the potential role of CTNNB1 mutation in prognostic prediction and
provide molecular evidence for the diagnosis and treatment of gastric cancer.

2 Methods

2.1. Data Source
We downloaded the gastric cancer RNA-Seq dataset and clinical pro�les from the Cancer Genome Atlas
(TCGA) database (https://portal.gdc.cancer.gov/). Information about patients with CTNNB1 mutant was
downloaded from the cBioPortal for Cancer Genomics website (http:// www.cbioportal.org/index.do).

2.2. Data Mining and Analysis of the GDSC Database
The Genomics of Drug Sensitivity in Cancer (GDSC) database (www.cancerRxgene.org) is based on
queries of speci�c anticancer drugs or cancer genes and is dedicated to identifying molecular biomarkers
for drug sensitivity to facilitate the discovery of new therapeutic biomarkers for cancer therapies[10]. The
site focuses on presenting cell line drug sensitivity data and genomic correlations of drug sensitivity, all
data can be downloaded. We �rst searched for compounds that were signi�cantly selective for CTNNB1

https://portal.gdc.cancer.gov/
https://portal.gdc.cancer.gov/
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mutations. Then we try to narrow the range by checking the sensitivity only in gastric cancer. Volcano
maps, elastic nets, scatter maps, and Mann-Whitney-Wilcoxon (MWW) tests were generated and
calculated on the GDSC online platform.

2.3. Gene Set Enrichment Analysis (GSEA)
We analyzed GSEAv4.0.3 (http://software.broadinstitute.org/gsea/downloads.jsp) to �nd out the
expression levels of differential biological function annotations of gene mRNA and the pathway between
CTNNB1 mutations and wild-type patients, helping us learned about CTNNB1 mutation affecting various
biological functional gene sets of patients with gastric cancer. The number of permutations was set at 5.
The enrichment result meets the P-value cutoff 0.05 and false discovery rate (FDR q-val) < 0.25 is
statistically signi�cant.

2.4. Screening and analysis Differentially Expressed Genes
(DEGs)
The Bioconductor package, “edgeR” ( http:// www.bioconductor.org/packages/release/

bioc/html/edgeR.html) was utilized to identify DEGs between patients with CTNNB1 mutations and wild-
type gastric cancer. The screening criterion: | Fold Change (FC) | ≥ 2, P-value and FDR < 0.05. The DEGs
would be used for further analysis. Biological pathway analysis is based on the Kyoto encyclopedia of
genes and genomes (KEGG) biological pathway database. This is an important method for studying
biological functions from the perspective of complex regulatory networks and performing biological
pathway enrichment analysis of gene sets. Genome Ontology (GO) analysis and Kyoto Encyclopedia of
Genes and Genomes (KEGG) analysis on the selected differential genes was carried out using R3.6.1
"clusterPro�ler" "ggplot2 " "pheatmap" package. The GO and KEGG pathway entries can provide reference
information for exploring the biological functions of these differentially expressed genes, especially their
role in gastric cancer.

2.5. PPI network construction
The PPI network of DEGs obtained from STRING (https://string-db.org) with con�dence > 0.7 as a cut-off
criterion [11, 12]. Then, the data of the PPI network was established using Cytoscape software (version
3.7.2, https://cytoscape.org). The MCODE plug-in in Cytoscape is used to perform modular analysis, and
the most important modules are determined based on the MCODE score and node number.

2.6. Statistical analysis
mRNA expression level between wild-type and CTNNB1 mutation GC tissue were compared using the t-
test. Kaplan–Meier survival analysis by log-rank test was used to calculate the clinical outcome between
different CTNNB1 groups. FDR in edgeR and GSEA were adjusted using the Benjamini–Hochberg
procedure. P < 0.05 were considered statistically signi�cant. All the statistical analyses were conducted
with R 3.6.1.

https://portal.gdc.cancer.gov/
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3 Results

3.1. Patient Characteristics
We obtained the complete transcriptional expression pro�les and clinical information for 380 gastric
cancer patients from TCGA cohort. CTNNB1 gene mutation in 33 patients with gastric cancer (8%), and
the rest were CTNNB1 wild type (Fig. 1A). Mutation types included inframe mutation, truncating and
missense mutations (Fig. 1B). These data were got from the cBioPortal for Cancer Genomics website.

3.2. Clinical Impact of CTNNB1 Mutation in GC Progress
and Prognosis
The clinical characteristics of the two groups of gastric cancer patients are listed in Table 1. We �rst
determined CTNNB1 mRNA expression levels in the wild-type and mutant groups. The results showed
that CTNNB1 up-regulated in tumor tissues of patients with mutant gastric cancer (Fig. 2A). Analysis of
the relationship between CTNNB1 status and disease prognosis showed that patients with CTNNB1
mutations had better prognosis on overall survival (Fig. 2B) and disease-free survival (Fig. 2C), which
indicated that CTNNB1 mutations may be helpful for the treatment of patients with gastric cancer.

Table 1
Clinical characteristics of GC patients and CTNNB1 status in TCGA

ID Description p.adjust Count

GO:0048018 receptor ligand activity 1.24E-10 11

GO:0008528 G protein-coupled peptide receptor activity 9.96E-12 9

GO:0001653 peptide receptor activity 9.96E-12 9

GO:0019932 second-messenger-mediated signaling 3.46E-08 9

GO:0005179 hormone activity 1.01E-10 8

GO:0019933 cAMP-mediated signaling 1.93E-09 8

GO:0019935 cyclic-nucleotide-mediated signaling 4.92E-09 8

3.3. GC Cells with CTNNB1 Mutation Are Sensitive to Nutlin-
3a
In addition to the CTNNB1 mutations on disease progression, we also investigated the role of CTNNB1
mutations in the treatment of GC patients. We studied the GDSC database to �nd if patients with
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CTNNB1 mutations have potential selective compounds. The results show that Nutlin-3a has signi�cant
selectivity for CTNNB1 mutations in various cancer types (Fig. 2D), making it a potential compound for
patients with CTNNB1 mutations. We then studied the tissue speci�city of Nutlin-3a and found it was
sensitive to gastric cancers with CTNNB1 mutations in the GDSC database (Fig. 2E, F). Nutlin-3a inhibits
the p53 / MDM2 interaction and conferred selective inhibition in GC cells with CTNNB1 mutations,
making it a potential individualized compound for such GC patients.

3.4. GSEA
To further investigate the mechanism of CTNNB1 mutations in GC progression, prognosis, and drug
selection, we analyzed the effects of CTNNB1 mutations on cellular processes. First, a variety of
biologically functional gene sets were analyzed using the GSEA method. As shown in Fig. 3, the results
showed that cell cycle, RNA degradation, spliceosome, pyrimidine metabolism, p53 signaling pathway
were signi�cantly enriched. These suggest that CTNNB1 mutations may promote GC progression by
affecting multiple factors.

3.5. Functional Enrichment Analysis of DEGs
The RNA-Seq data set from 22 patients with CTNNB1 mutations and 353 CTNNB1 wild-type gastric
cancer patients were used for DEG screening. Based on | fold change (FC) |≥2.0 and P < 0.05 criteria,a
total of 727 genes were identi�ed as DEGs. The heatmap of DEGs shows the �rst 40 genes (Fig. 4A). The
volcano plot of the DEGs is shown in Fig. 4B. To better understand the role of DEGs, KEGG and GO
analyses were carried out. The GO analysis of DEGs (Fig. 4C) suggested signi�cant enrichment in
corni�cation, digestion, antimicrobial humoral response, keratinization, keratinocyte differentiation,
epidermis development, humoral immune response, disruption of cells of other organism, antimicrobial
humoral immune response mediated by antimicrobial peptide. Furthermore, in the KEGG pathway
analysis (Fig. 4D), DEGs were signi�cantly enriched in pancreatic secretion, protein digestion and
absorption, neuroactive ligand-receptor interaction, maturity onset diabetes of the young, fat digestion
and absorption, PPAR signaling pathway, bile secretion, cAMP signaling pathway.

3.6. PPI network analysis and key target screening
To better investigate the interaction and hub genes of the identi�ed DEGs, we obtained protein-protein
interaction (PPI) networks using the STRING tool. The network was included 512 nodes and 704 edges.
Top 30 hub genes were identi�ed by degree (Fig. 5A). Top 10 hub genes included ALB, AHSG, APOA1,
APOA2, PENK, ORM2, AFP, APOA5, CHGB, F2. Top three signi�cant modules of genes in the PPI network
were identi�ed by the MCODE plugin in Cytoscape for further GO and KEGG pathway enrichment
analysis. The �rst module (Fig. 5B) contains 15 nodes and 210 edges with a MCODE score of 15; the
second module (Fig. 5C) contains 24 nodes and 136 edges with a MCODE score of 11.83; the third
module (Fig. 5D) contains 22 nodes and 87 edges with a MCODE score of 8.29. The enrichment analysis
showed that modules 1–3(Table 2) were mainly related to G protein-coupled receptor binding, second-
messenger-mediated signaling, neuropeptide signaling pathway, G protein-coupled receptor signaling
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pathway, coupled to cyclic nucleotide second messenger, endoplasmic reticulum lumen,post-translational
protein modi�cation, epidermal cell differentiation.

4 Discussion
CTNNB1 is a protein-coding gene that encodes a protein that is a key downstream component of the
canonical Wnt signaling pathway. The Wnt / β-catenin signaling pathway plays an important role in
tumors by regulating events such as cell survival, proliferation and differentiation. CTNNB1 gene
mutation can cause abnormal expression of β-catenin protein in the cell, resulting in abnormal activation
of Wnt / β-catenin signaling pathway. Aberrant activation of the classical Wnt signaling pathway has
been con�rmed in various human malignancies including gastric cancer [13–16]. Mutations in APC and
CTNNB1 were prevalent in gastric carcinoma [17], which is responsible for gastrointestinal tumorigenesis.
In another study, CTNNB1 mutations also were detected in all gastrointestinal tumor samples[18]. Beta-
catenin is a multifunctional product of the CTNNB1 gene [19], which mediates cell adhesion and signal
transduction. Overexpression of β catenin encoded by CTNNB1 gene might play important role in
tumorigenesis and tumor progression[20]. Therefore, blocking the Wnt signaling pathway may be a
promising strategy for cancer treatment.

In this study, we intend to identify the clinical signi�cance of CTNNB1 mutations in GC progression,
prognosis, and drug selection, to providing new ideas for the diagnosis, treatment, and prognosis of
gastric cancer. We found that about 8% of 380 patients carry CTNNB1 mutations, including inframe
mutation, truncating and missense mutations. Clinical analysis shows that the overall survival and
disease-free survival of gastric cancer patients with CTNNB1 mutation is signi�cantly improved.
Detection of CTNNB1 mutation can help clinicians to judge the prognosis of gastric cancer patients and
effectively choose a better personalized treatment strategy. In addition, the data from GDSC showed
preliminary evidence that Nutlin-3a displayed sensitivity for GC with CTNNB1 mutation, which provides
more evidence for the application of speci�c anti-tumor drugs to such patients and provides a foundation
for further research. The compound could be used as a targeted drug for GC patients with CTNNB1
mutation.

To further investigate the mechanism of CTNNB1 mutations in GC progression, prognosis and drug
selection, as well as identifying key pathways, we analyzed the GC RNA-Seq data set downloaded from
TCGA. GSEA analysis in this study showed that CTNNB1 mutations were signi�cantly associated with
cell cycle, RNA degradation, spliceosome, pyrimidine metabolism, and p53 signaling pathway. P53 is an
important tumor suppressor gene, which combines and activates the promoter of downstream target
genes, promotes gene transcription, and participates in important processes such as tumor proliferation,
apoptosis, and DNA damage [21, 22]. There are various ways to regulate p53, thereby regulating tumor
cell senescence, which has potential clinical application prospects [23].

A total of 727 DEGs were identi�ed in the RNA-Seq dataset from 22 CTNNB1 mutant patients and 353
CTNNB1 wild-type gastric cancer patients. Functional analysis of DEGs showed that differentially
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expressed genes in CTNNB1 mutant gastric cancer patients were mainly involved in the antimicrobial
humoral response, humoral immune response. In addition, in KEGG pathway analysis, DEGs were
signi�cantly enriched in pancreas secretion, protein digestion and absorption, PPAR signaling pathway,
bile secretion, and cAMP signaling pathway. The above indicates that CTNNB1 mutation may be involved
in the occurrence and development of gastric cancer. The occurrence of gastric cancer is not mediated by
a single factor, but a multi-step process involving many complex cell signaling pathways.

In the PPI network analysis, we identi�ed the top 30 genes with the highest degree of interaction, among
which ALB had the highest degree of nodes with 32. This gene encodes the most abundant protein in
human blood. Gene Ontology (GO) annotations related to this gene include enzyme binding and
chaperone binding. An important paralog of this gene is AFP. The KEGG and GO enrichment analysis of
the three most important modules in the PPI network showed that modules 1–3 were mainly related to G
protein-coupled receptor binding, second-messenger-mediated signaling, neuropeptide signaling pathway,
G protein-coupled receptor signaling pathway, coupled to cyclic nucleotide second messenger,
endoplasmic reticulum lumen,post-translational protein modi�cation, epidermal cell differentiation. It
indicates that gastric cancer cells with CTNNB1 mutation are more active in cell differentiation and cell
signal transmission.

Our study is only a preliminary exploration of whether CTNNB1 mutations in GC affect disease
progression, prognosis, and drug selection. The mechanism of CTNNB1 mutation in GC needs further
veri�cation. At present, it is still an important research direction to �nd new mutant genes related to GC in
the research of GC, and to further explore the role of related cell signaling pathways in the occurrence and
progression of GC. It is believed that in the near future, with the advancement of molecular biology
technology and the development of the etiology and mechanism of GC, we will be able to develop new
therapeutic methods for GC through molecular targets in gastric cancer-related cell signaling pathways.

In conclusion, with this study, we identi�ed the main pathways and genes associated with the CTNNB1
mutation in GC, implicated these factors as possible targets for future therapeutic strategies in patients
with GC.
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Figures

Figure 1

Mutation frequency (A) and types (B) of CTNNB1 in GC reproduced from the cancer Genome Atlas
(TCGA) database.
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Figure 2

Mutation frequency (A) and types (B) of CTNNB1 in GC reproduced from the cancer Genome Atlas
(TCGA) database.

Figure 3

Mutations of CTNNB1 are associated with GC prognosis and drug selection. (A) Correlation between the
CTNNB1 mutation and wild type of mRNA expression. (B, C) Kaplan–Meier overall survival and disease-
free survival for GC patients strati�ed by the CTNNB1 mutation. (D, E) Scattered plot and volcano plot
showed that multiple cancer cell types with the CTNNB1 mutation were signi�cantly inhibited by Nutlin-
3a. (F) Reproduction of the GDSC database by excluding cancer of other types showed that GC cells with
the CTNNB1 mutation was also signi�cantly inhibited by Nutlin-3a .
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Figure 4

Mutations of CTNNB1 are associated with GC prognosis and drug selection. (A) Correlation between the
CTNNB1 mutation and wild type of mRNA expression. (B, C) Kaplan–Meier overall survival and disease-
free survival for GC patients strati�ed by the CTNNB1 mutation. (D, E) Scattered plot and volcano plot
showed that multiple cancer cell types with the CTNNB1 mutation were signi�cantly inhibited by Nutlin-
3a. (F) Reproduction of the GDSC database by excluding cancer of other types showed that GC cells with
the CTNNB1 mutation was also signi�cantly inhibited by Nutlin-3a .
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Figure 5

Mutations of CTNNB1 are associated with GC prognosis and drug selection. (A) Correlation between the
CTNNB1 mutation and wild type of mRNA expression. (B, C) Kaplan–Meier overall survival and disease-
free survival for GC patients strati�ed by the CTNNB1 mutation. (D, E) Scattered plot and volcano plot
showed that multiple cancer cell types with the CTNNB1 mutation were signi�cantly inhibited by Nutlin-
3a. (F) Reproduction of the GDSC database by excluding cancer of other types showed that GC cells with
the CTNNB1 mutation was also signi�cantly inhibited by Nutlin-3a .
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Figure 6

Mutations of CTNNB1 are associated with GC prognosis and drug selection. (A) Correlation between the
CTNNB1 mutation and wild type of mRNA expression. (B, C) Kaplan–Meier overall survival and disease-
free survival for GC patients strati�ed by the CTNNB1 mutation. (D, E) Scattered plot and volcano plot
showed that multiple cancer cell types with the CTNNB1 mutation were signi�cantly inhibited by Nutlin-
3a. (F) Reproduction of the GDSC database by excluding cancer of other types showed that GC cells with
the CTNNB1 mutation was also signi�cantly inhibited by Nutlin-3a .
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Figure 7

Mutations of CTNNB1 are associated with GC prognosis and drug selection. (A) Correlation between the
CTNNB1 mutation and wild type of mRNA expression. (B, C) Kaplan–Meier overall survival and disease-
free survival for GC patients strati�ed by the CTNNB1 mutation. (D, E) Scattered plot and volcano plot
showed that multiple cancer cell types with the CTNNB1 mutation were signi�cantly inhibited by Nutlin-
3a. (F) Reproduction of the GDSC database by excluding cancer of other types showed that GC cells with
the CTNNB1 mutation was also signi�cantly inhibited by Nutlin-3a .
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Figure 8

Mutations of CTNNB1 are associated with GC prognosis and drug selection. (A) Correlation between the
CTNNB1 mutation and wild type of mRNA expression. (B, C) Kaplan–Meier overall survival and disease-
free survival for GC patients strati�ed by the CTNNB1 mutation. (D, E) Scattered plot and volcano plot
showed that multiple cancer cell types with the CTNNB1 mutation were signi�cantly inhibited by Nutlin-
3a. (F) Reproduction of the GDSC database by excluding cancer of other types showed that GC cells with
the CTNNB1 mutation was also signi�cantly inhibited by Nutlin-3a .
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Figure 9

GSEA results of the CTNNB1 mutation in GC patients.
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Figure 10

GSEA results of the CTNNB1 mutation in GC patients.GSEA results of the CTNNB1 mutation in GC
patients.
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Figure 11

GSEA results of the CTNNB1 mutation in GC patients.



Page 21/28

Figure 12

GSEA results of the CTNNB1 mutation in GC patients.
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Figure 13

GSEA results of the CTNNB1 mutation in GC patients.
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Figure 14

GSEA results of the CTNNB1 mutation in GC patients.
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Figure 15

Function enrichment results of differentially expressed genes (DEGs). (A) Heat map of DEGs. (B)Volcano
plot for DEGs. (C) The GO enrichment terms of DEGs. (D) The KEGG pathway analysis of DEGs.
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Figure 16

Function enrichment results of differentially expressed genes (DEGs). (A) Heat map of DEGs. (B)Volcano
plot for DEGs. (C) The GO enrichment terms of DEGs. (D) The KEGG pathway analysis of DEGs.
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Figure 17

Function enrichment results of differentially expressed genes (DEGs). (A) Heat map of DEGs. (B)Volcano
plot for DEGs. (C) The GO enrichment terms of DEGs. (D) The KEGG pathway analysis of DEGs.
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Figure 18

Function enrichment results of differentially expressed genes (DEGs). (A) Heat map of DEGs. (B)Volcano
plot for DEGs. (C) The GO enrichment terms of DEGs. (D) The KEGG pathway analysis of DEGs.

Figure 19

Top three modules from the PPI network. (A)Top 30 hub genes. (B) PPI network of module 1. (C) PPI
network of module 2. (D) PPI network of module 3.
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Figure 20

Top three modules from the PPI network. (A)Top 30 hub genes. (B) PPI network of module 1. (C) PPI
network of module 2. (D) PPI network of module 3.


